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Recently, Pablo Sáez (2009) [1] has developed a quadratic algorithm for a 2-cyclic robotic
scheduling problem. In this note we uncover that the algorithm handles a special version
of the problem only and fails to solve the general 2-cyclic robotic scheduling problem.
© 2009 Elsevier B.V. All rights reserved.
Recently, Pablo Sáez [1] has successfully solved a robotic scheduling problem arising in automatic production systems.
His note contains two principal claims regarding the proposed algorithm:
(1) The algorithm is based on novel geometrical ideas and solves a scheduling problem in O(n2 log n) time, and
(2) it dramatically improves on the previous algorithms [4,5] for the 2-cyclic robotic scheduling problem, which are known
to be of O(n5 log n).
The first claim is absolutely correct. However, the second one is inappropriate and misleading. The gist is that the
algorithm developed in [1] is restricted to solving a constrained version of the 2-cyclic robot scheduling problem (2-CRSP),
namely, one in which the number of parts processed simultaneously in the system at any moment cannot exceed two.
As disclosed below, this algorithm cannot solve the general 2-CRSP studied in [2–5] for which the above constraint is not
imposed. In contrast, the algorithms in [2–5], although more laborious, are capable to solve the general 2-CRSP. Hence, a
comparison of computational complexity between the algorithm in [1] and the algorithms in [4,5] is improper.
To justify our above findings, let us first give a brief description of the CRSP. A robotic production system has n sequential
machines, say S1, . . . , Sn, that process identical parts. Each part starts at the input station S0, passes successively through
the machines S1, . . . , Sn and is finally unloaded at the output station Sn+1. A robot is used to transport parts between the
machines and load/unload them. Each repetition of a sequence of robot moves is called a robot route cycle and its duration
the cycle time, T . The objective is to minimize T .
Upon arrival at machine Sk, a part is loaded and stays there for processing for pk time units, where pk are given constants,
k = 1, . . . , n. The loaded robot requires dk time units tomove a part from Sk to Sk+1, k = 0, . . . , n. The empty robot requires
rij time units to run from Si to Sj, 1 ≤ i ≤ n+ 1, 0 ≤ j ≤ n. A no-wait condition is imposed, which requires that after a part
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Fig. 1. The Gantt chart depicting the optimal schedule for the general 2-CRSP. The horizontal lines depict the processing operations; the dotted lines
correspond to the robot route.
completes its processing in a machine, it must be unloaded andmoved immediately by the robot to the next machine in the
processing sequence S = (S1, . . . , Sn) and then loaded and processed on it without pause.
A 2-cyclic schedule is a sequence of robot operations executed repeatedly so that each operation is performed twice at
each machine during each cycle. In a 2-cyclic schedule, exactly two parts enter and two parts leave the system during each
cycle. Without loss of generality, we start the robot route with the input station S0. Then the identical parts are loaded
into the line at time . . . − kT ,−kT + T1, . . . ,−2T ,−2T + T1,−T ,−T + T1, 0, T1, T , T + T1, 2T , . . . , kT + T1, (k + 1)T ,
where T1 < T . As each robot operation is performed twice at each machine during each cycle, the (unknown) robot route R
will consist of 2(n + 1) operations, e.g. R = (SR(0) = S0, SR(1), SR(2), . . . , SR(2n+1)), where SR(i) represents that the ith robot
operation is a loaded move frommachine SR(i) to machine SR(i)+1. Given the processing sequence S , real numbers dk, rij, and
pk (k = 0, . . . , n, i = 1, . . . , n + 1, j = 0, . . . , n), the 2-CRSP problem is to find the robot route R and the value of T1 such
that the cycle time T is minimized, subject to the constraint that the empty robot has sufficient time to travel between the
machines.
The constrained version of 2-CRSP introduced in [1] imposes the following additional condition, which can be seen from
Eq. (1) and Fig. 2 in [1]:
C1. The number of parts processed simultaneously in the system at any time moment should not exceed 2.
The above requirement essentially simplifies the problem and allows the author of [1] to develop anO(n2 log n) algorithm
for the constrained version of the general 2-CRSP. However, this algorithm fails to solve the general 2-CRSP as the optimal
schedule in the latter problem may have more than two parts simultaneously processed in the system at some time
moments. We use the following numerical example, which is adapted from [6], to illustrate this fact.
Example. Let n = 5; p1 = 17, p2 = 15, p3 = 21, p4 = 19, p5 = 10; d0 = 4, di = 3 for all i = 1, 2, 3, 4, and d5 = 1. All the
traveling times rij = 1, except for r60 = 5 and r42 = 3.
Fig. 1 gives the Gantt chart of the optimal schedule for the general 2-CRSP for this example derived by the algorithms
in [2–5]. We see that there are three parts processed simultaneously in the system at some time moments, for example, at
t = 10. The optimal cycle time for the general 2-CRSP is 80, and T1 = 30.
Let us now impose the constraint C1 into the general 2-CRSP and solve the obtained problem, using for this purpose
the algorithm in [1]. Fig. 2 gives the Gantt chart of the optimal schedule in which there are at most two parts processed
simultaneously in the system at any time.
The optimal cycle time in this case is 104, and T1 = 31. We see that the optimal schedule changes and the optimal cycle
time increases. In fact, by restricting only two parts to be processed simultaneously in the system, the algorithm in [1] yields
the cycle time inevitably larger than the life cycle of a part in the system, whereas in the general 2-CRSP the optimal cycle
time is ordinarily smaller than part’s life cycle, like in Fig.1. We have thus demonstrated that the algorithm in [1] is designed
for solving a constrained 2-CRSP only and cannot be employed for solving the general 2-CRSP. In this situation, a comparison
of computational complexity between the algorithm in [1] and the algorithms in [4,5] is improper.
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Fig. 2. The Gantt Chart for the constrained 2-CRSP.
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